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Abstract 

Effect of Co and Mo ions on the sodium zinc borophosphate glasses network was investigated. Both structural and optical 

properties were studied by X-ray diffraction, density, infrared spectroscopy and optical absorption. Only a broad halo was observed 

in the X-ray diffraction patterns indicating the non-crystalline nature of the prepared samples. Density and related parameters such 

as molar volume and average boron-boron separation showed that the glass network became more compact by increasing Mo 

oxide. Fourier Transform Infrared (FTIR) spectroscopy results showed that the free Co and Mo sample revealed the formation of 

structural building units of the borate and phosphate glasses. The addition of Co and Mo oxides cause variation in structural sites of 

the glass formers which appear as a small change in the FTIR spectra. The optical absorption spectra in the UV-Visible regions 

were used to study the optical d-d transitions of Co and Mo ions. Deconvolution of the absorption spectra gave multi-bands in the 

UV-Visible regions which, are related to the presence of various oxidation states of the two transition metal ions, cobalt and 

molybdenum, octahedral and tetrahedral of Co2+, octahedral of Co3+, Mo3+, and Mo5+. The calculated optical energy gap, Urbach 

energy and refractive index of all the prepared samples were found to be glass composition dependent.  
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ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

1. Introduction 

 Glass is one of the most important pillars in the modern 

technology, such as optical filters, optical fibers, dosimeters, 

smart windows, solid batteries and lasing mediums. In this 

regard, glasses have received great attention due to their several 

applications. [1-4]. Optical glass filters have a great technological 

interest, which come from their ability to transmit a certain band 

of wavelengths. Among the different types of optical filters, the 

band-pass filter has priority due to its ability to transmit a portion 

of the spectrum while blocking other wavelengths. Such optical 

filters are ideal for a variety of applications, such as fluorescence, 

spectroscopy, clinical chemistry, or imaging. Also, these filters 

are typically used in the life science, industrial, or R&D 

industries. [2-3].  

Borophosphate glass is one of the important glasses, due to 

their peculiar properties and wide range of applications. 

Moreover, borophosphate glass are used in different 

technological aspects such fast ionic conductor, low-melting 

glass solder, glass-to-metal seals and bio-medical applications [4-

5].  

Recently, there has been enhanced interest in studying synthesis, 

structure and physical properties of transition metal oxide doped 

glasses due to their peculiar optical characteristics. The transition 

metal ions are incorporated into the glasses in order to improve 

and modify their optical, structural, magnetic and electronic 

properties [6]. In this respect, ZnO acts as a good glass modifier in 

the borophosphate glasses also it suppresses hydration reactions 

and reduce the residual stresses in the glass samples [7].  

Doping glass materials with molybdenum affects their 

magnetic, optical, and electrical properties [8]. In such case 

polarons has considerable contribution to conductivity, due to the 

possible of two valence states Mo5+ and Mo6+ ions [9]. The latter 

gives such glasses its photochromic behavior. The doping with 

cobalt ions creates colour centres (blue, pink or red), its colour 

changes with the transformation of its tetrahedral coordination to 

octahedral for a change in melt composition with absorption bands 

in the visible and NIR regions. [10-11]. On the other hand, cobalt ion 

exists in mixed valence octahedral and tetrahedral sites which, 

make it a promising modifier for many applications such as solar 

selective absorbers, fuel cells, and visible and near-infrared laser 

materials [6-7].  
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In this work we aimed to study the dependence of structural 

and optical properties of zinc sodium borophosphate glasses on 

Co and Mo addition. Sodium oxide was added to the prepared 

glass network to expand the glass-forming region and facilitate 

ion exchange and provide low melting glass. The studies include 

X-ray diffraction, density, FTIR, and optical absorption. In 

addition, some structural and optical parameters were calculated.  

2. Experimental Procedure 

A series of glasses samples with chemical composition 50 

B2O3 - 15 P2O5 - 10 ZnO - (25 – x) Na2O - x MoO3 - y CoO 

where x = 0, 0.2, 0.4, 0.6 and 0.8 while y = 0 and (1-x) were 

prepared using the conventional melt quenching method. The 

chemicals used are analytical grade. The starting materials are 

zinc oxide, boric acid, ammonium di-hydrogen phosphate, 

sodium carbonate, cobalt oxide and molybdenum oxide. The 

proper weights were mixed together continuously using a mortar 

and the mixture was melted in porcelain crucible at about 

1100 °C using electric furnace for about 1 h. The molten were 

shaken to get homogenize melt. Ingot glasses were subjected to 

anneal at 300 °C for 2 h to avoid the residual stresses developed 

during the quenching process. The chemical composition of the 

prepared samples is shown in detail in Table 1.   

Table 1: The chemical composition of the prepared samples 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The XRD patterns of the prepared samples were used 

to check the structural state of the prepared samples. The density 

of the glasses prepared was determined by conventional 

Archimedes’ method using Carbon tetrachloride (CCl4) as the 

buoyant liquid. A Fourier Transform Infrared (FTIR) 

spectrometer, Perken Elmer spectrometer, RTX, was used to 

study the local structural units. UV-VIS absorption spectra were 

obtained for highly polishing samples using spectrophotometer 

(type JASCO Crop., V-570, Rel-00, Japan) covering the 

wavelength range from 190 to 1100 nm.  

3. Results and discussion 

  3.1. XRD  

XRD patterns of the prepared samples are shown in 

Figure 1. No diffraction peaks, however only one broad halo was 

observed in the patterns at 2θ ~ 270 which indicate the glassy state 

of the prepared samples. 

3.2. Density  

The measured density (𝜌) and the molar volume 𝑉𝑀 of the 

studied glasses were estimated using the following equations [12-13] 

𝜌 =
𝑊a

𝑊a − 𝑊𝑙
× 𝜌𝑙 

𝑉𝑀 =  
𝑀

𝜌
 

where; 𝑊a and 𝑊𝑙  is the sample weight in air and CCl4 

respectively, 𝜌𝑙 is the density of CCl4, and M is the glass 

molecular weight in the mol%.  

0 10 20 30 40 50 60 70

In
te

n
si

ty
 (

a.
u

.)

2
0

S0

S1

S2

S3

S4

S5

 

Fig 1: XRD profile of B2O3- P2O5- ZnO-Na2O: MoO3+CoO glass 

The measured density and calculated molar volume are listed 

in Table 2. It is observed that the density increases with increasing 

MoO3 content while the molar volume decreases. The observed 

increase in the density was attributed to the molar mass of the MoO3 is 

heavier than the molar mass of the other constituents in the glass 

network. The decrease in molar volume confirms that the molybdenum 

increases the reticule of the network. The observed behaviour of 

density and molar volume indicates that the glass structure becomes 

more compact due to the presence of Mo ions in interstitial position of 

glass network [14]. 

The average boron–boron separation 𝑑𝐵−𝐵 was calculated to 

confirm the compactness of glasses due to the presence of MoO3 

according to the following relations [15] 

𝑑𝐵−𝐵 = (
𝑉𝑀

𝐵

𝑁𝐴
)

1
3

 

𝑉𝑀
𝐵 =

𝑉𝑀

2(1 − 𝑋𝐵)
 

where the volume 𝑉𝑀
𝐵corresponds to the volume that contains one 

mole of boron within the given structure and 𝑋𝐵 molar fraction of 

B2O3.The obtained results of 𝑑𝐵−𝐵 are illustrated in Table 2.  

The progressive decrease in the 𝑑𝐵−𝐵  with increase of MoO3 confirm 

the homogeneity and increase of compactness of the glass network i.e. 

increase the prepared glass density. 

The observed behaviour of density, molar volume, and 

average boron-boron separation showed that the addition of 

both Co and Mo cause a strong change in the glass network. 

In order to get more information about the influence of CoO 

& MoO3 on the glass network, the ion concentration 𝑁𝑖 

(ions/cm3), polaron radius rp (Å), inter atomic distance ri (Å) 

and field strength F (cm-2) around Co and Mo ions are 

calculated according to the following relations [16-17] and 

tabulated in Table 2. 

𝑁𝑖 =
𝑥𝜌𝑁𝐴

𝑀𝑊
 

𝑟𝑖 = (
1

𝑁𝑖
)

1/3

 

Sample 

No 

Chemical Composition, mol% 

 B2O3 P2O5 ZnO Na2O MoO3 CoO 

S0 50 15 10 25 0 0 

S1 50 15 10 24 0 1 

S2 50 15 10 24 0.2 0.8 

S3 50 15 10 24 0.4 0.6 

S4 50 15 10 24 0.6 0.4 

S5 50 15 10 24 0.8 0.2 
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𝑟𝑃 =
1

2
(

𝜋

6𝑁𝑖
)

1
3⁄

 

𝐹 =
𝑍

𝑟𝑖
2 

where 𝑁𝐴  Avogadro’s number, 𝑀𝑊 molecular weight, Z 

oxidation number, and 𝑥 is mol. % of modifiers. 

It is observed in Table 2 that the interatomic distances are 

greater than the polaron radius. In addition, both 𝑟𝑖 and 𝑟𝑝 

decrease as the addition of Mo amount increases. This 

behaviour confirms that the molybdenum ions act, in the 

present glass system, as modifier and make the glass network 

to be more compact which in turn increases the density. 

 

3.3. FTIR  

The FTIR spectra registered for the studied glasses in the 

400-1600 cm-1 frequency range are shown in Figure 2a. The 

obtained FTIR spectra are deconvoluted using a Gaussian-

type function as shown in Figure 2b. Because the studied 

glasses contain two different glass former oxides both 

network of phosphate groups, triangular and tetrahedral. 

 borate units are expected to appear in the FTIR spectra. In 

Figure 2a, three different wide bands are observed as 

following:  i). Three clear absorption bands located at 532, 

700, and 1527 cm-1; ii). Two shoulders located at 1285 and 

1403 cm-1; iii). Very low intensity bands located at 987, 1095 

and 1643 cm-1. The observed band located at 532 cm-1 can be 

assigned to the bending harmonic of O=P–O bands. The band 

at 700 cm-1 corresponds to the bending vibrations of B-O-B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

groups in various borate segments. 

The band located at 987cm-1 is usually attributed to bending 

vibration of P–O–P, symmetric stretching of 𝑃2𝑂7
−4, and 

stretching vibration of BO4
 [18-19]. The bands at 1095 cm-1 are 

characteristic of terminal P–O and PO3 groups, and the sharing 

of stretching vibrations of tetrahedral BO4 groups [20]. The 

absorption band at 1265 cm-1 are characteristic to vibrations of 

non-bridging PO2 groups, and also sharing the vibrations of BO3 

groups [20]. The absorption band located at 1527 cm−1 and the 

shoulder at 1403 cm-1 are attributed to the bending vibration and 

stretching vibration of B–O–B in [BO3] triangles [21]. The 

spectral band at 1643 cm-1 occurred due to the asymmetric 

stretching relaxation of the B–O band of trigonal BO3 units [22].  

The deconvoluted IR bands along with their assignment are 

given in Table 3. It is observed that the doping of Co and Mo 

to the prepared glass network cause a small shift with an 

irregular pattern in the absorption bands.  

3.4. Optical Properties  

The optical absorption spectra of the studied glasses are 

illustrated in Figure 3. No bands appeared in the Co and Mo 

free sample. The Mo and Co doped glasses were iteratively 

deconvoluted as shown in Figure 4 to extensively explore the 

valence states of Mo and Co ions. The sample that contains 1 

mol% of Mo without any Co ion content not included in this 

study because it was found to be opaque and could not measure 

its optical properties. 

Sample 

No. 

O=P-O  

 

B-O-B 

 

P-O-P, 𝑷𝟐𝑶𝟕
−𝟒

, & 

BO4 

P-O, PO3, & 

BO4 

PO2 & BO3 B–O–B in [BO3] 

triangles 

B–O 

S0 532 700 987 1095 1265 1403 1527 1643 

S1 516 694 987 1126 1265 1403 1535 1650 

S2 524 701 987 1110 1272 1403 1527 1650 

S3 532 701 995 1095 1265 1403 1527 1643 

S4 532 701 987 1103 1257 1403 1527 1643 

S5 532 701 995 1118 1272 1403 1527 1643 

Table 2: Structural and optical properties of the studied glass 

Sample  S0 S1 S2 S3 S4 S5 

Calc. parameters 

𝝆 (gm/cm3) 2.443 2.454 2.513 2.525 2.534 2.54 

𝑽 (cm3/mol) 32.632 32.547 31.829 31.734 31.682 31.655 

𝒅𝑩−𝑩 (oA) 3.783 3.780 3.753 3.748 3.746 3.745 

𝒅𝑷−𝑷 (oA) 3.170 3.167 3.144 3.141 3.139 3.139 

𝑵𝒊 × 𝟏𝟎𝟐𝟐 0 1.847 3.778 5.684 7.589 9.497 

𝒓𝒊 (
oA) 0 3.783 2.98 2.601 2.362 2.192 

𝒓𝒑 (oA) 0 1.524 1.201 1.048 0.952 0.883 

𝑭 × 𝟏𝟎𝟏𝟓 cm-2 0 3.494 5.629 7.391 8.967 10.041 

n 2.215 2.203 2.350 2.472 3.010 2.492 

𝜶𝟎
𝟐−(𝒏) 2.785 2.761 2.890 3.021 3.494 3.036 

⋀𝑬𝒙𝒑. 1.070 1.065 1.092 1.117 1.192 1.120 

ε 4.905 4.851 5.523 6.110 9.062 6.210 

M 0.434 0.438 0.399 0.370 0.271 0.365 

 

Table 3: Summary of FTIR spectral band positions of the investigated glasses 
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Fig 2:a) FTIR spectra and b) Representative deconvolution 

spectrum of the investigated glasses 

In 1 mol% of Co, three absorption bands are observed at 523, 

582, and 632 nm. The band centred at 523 nm was identified as 

being due to 4T1g(F) → 2T1g(H) octahedral transition of Co2+. The 

band centred at 582 nm was attributed to the spin- and electric-

dipole-allowed 4A2g(4F) → 4T1g(4P) transitions of tetrahedral 

coordinated of Co2+ ions [23-24]. The band at 632 nm was assigned 

to 5T2g→5Eg octahedral transition of Co3+ ions. At 0.4 mol% of 

Mo ion, two additional bands are observed located at 478 nm and 

649 nm. The band located at 478 nm is related to the Mo3+ state, 

while that located at 649 nm corresponding to the Mo5+ ion. The 

low intensity that generated at ~ 795 nm in 0.6 mol % of Mo may 

be related to the excitation of Mo5+ (4d1) ion [8-9]. The generation 

of the band 795 nm at 0.6 mol % of Mo only is a strange result.  

The optical band gap values (𝐸𝑔) were evaluated using 

the observed absorption edges. It is customary to plot of (𝛼ℎ𝜈1/2) 

versus energy (ℎ𝑣) to find the optical energy band gaps 𝐸𝑔 using 

Davis and Mott relation from the linear extrapolation to the zero 

ordinate. 

 

Fig 3: Optical absorption spectra of the investigated glasses 

Urbach energy (𝛥𝐸) was obtained from the reciprocal slope of 

the graph of absorption coefficient logarithm (𝑙𝑛𝛼), versus the 

photon energy (ℎ𝑣) [25-26]. The variation in optical band gap (𝐸𝑔) 

and Urbach energy (𝛥𝐸) values for different samples are shown 

in Figure 5. It has been observed that the variation of the gap 

energy and Urbach energy is non-monotonic with the cobalt and 

molybdenum doping level. The formation of NBOs and 

localized states in the energy gap as well as the electronic shell 

of O2− ion is affected by the highly polarizing action of 

modifying cation may cause the fluctuation in 𝐸𝑔.  

 
        Fig 5: Variation of optical band gap and Urbach energy 

 

The refractive index (n), Electronic polarizability of oxide ions 

[𝛼0
2−(𝑛)], experimental dielectric constant (𝜀), metallization 

[M(n)], and experimental optical basicity (⋀𝐸𝑥𝑝.) are deduced 

using the following formulae [23-24]: 

 

𝑛2 − 1

𝑛2 + 2
= 1 − √𝐸𝑔/20 

𝛼0
2−(𝑛) =

[
𝑅𝑀

2.52
− ∑ 𝛼𝑖]

𝑁02−
 

𝑀(𝑛) = 1 −
𝜌𝑅𝑚

𝑀
 

⋀𝐸𝑥𝑝.(𝑛) = 1.67 (1 −
1

𝛼0
2−(𝑛)

) 

where 𝑅𝑚 is the molar fraction, 𝛼𝑖  cation polarizability, 𝑁02−  is 

the number of oxide ions in the chemical formula and M is the 

molar mass of the prepared glasses. 
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The estimated parameters are tabulated in Table 2. The 

fluctuation in the electronic polarizability and refractive index (n) 

may be attributed to the non-bridging oxygen formed in the glass 

network.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The NBOs create more ionic bonds, which manifest 

themselves in a larger polarizability over the covalent bonds 

of BOs, providing a higher refractive index value. The 

electronic polarizability and metallization have an opposite 

trend which attributed to break down of borate & phosphate 
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Fig 4: Deconvolution of the obtained optical absorption for the studied glasses 
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bonds to create non- bridging oxygen atoms. The 

metallization values of the present glasses are found to be 

less than one, which means that the width of both valence 

and conduction bands becomes large. Hence, the present 

glass system should exhibit an insulating nature. The 

variation of optical basicity of glasses with the increase of 

MoO3 content could be attributed to the variation in negative 

charges on the oxygen atoms and, thus, increases in 

covalency force in the cation-oxygen bonding. 

 

Conclusions 

Combined structural and optical spectral 

measurements were carried out for zinc-sodium-

borophosphate glasses containing MoO3 and CoO. The 

results of density and its deduced parameters showed that 

compactness and packing of the glass network. FTIR 

absorption spectra of the undoped glass reveal characteristic 

vibrational modes due to borate and phosphate groups. The 

addition of CoO and MoO3 within the doping level causes 

minor variations and the main characteristic network building 

units remain unchanged. The optical spectrum of the undoped 

cobalt and molybdenum glass showed no absorption bands. 

Spectral data indicate that divalent cobalt ions are mainly 

present in the octahedral coordination states and a small 

concentration of tetrahedral state. On the other hand, 

molybdenum ion exists in trivalent Mo3+ and pentavalent 

Mo5+ oxidation states. The fluctuation in many calculated 

structural and optical parameters indicates that the complex 

changes in the glass network due to the variation in ration of 

two transition metal in the complicated borophosphate glass. 

The present glasses have a selective property of a certain 

wavelengths in visible region which, opens up multiple 

horizons for it to be used in many optical applications 
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